
Open Forum Infectious Diseases                                   

M A J O R  A R T I C L E

Clinical Characteristics and Histopathology in Suspected 
Necrotizing Soft Tissue Infections
Ingunn M. Gundersen,1,2 Ellen Berget,3 Hans Kristian Haugland,3 Trond Bruun,1,2, Stian Kreken Almeland,4,5 Jürg Assmus,6 Eivind Rath,1,2

Anna Norrby-Teglund,7 Steinar Skrede,1,2,a and Knut Anders Mosevoll1,2,a

1Department of Medicine, Haukeland University Hospital, Bergen, Norway, 2Department of Clinical Science, University of Bergen, Bergen, Norway, 3Department of Pathology, Haukeland University 
Hospital, Bergen, Norway, 4Department of Plastic, Hand, and Reconstructive Surgery, Norwegian National Burn Center, Haukeland University Hospital, Bergen, Norway, 5Department of Clinical 
Medicine, University of Bergen, Bergen, Norway, 6Centre of Competence on Clinical Research, Haukeland University Hospital, Bergen, Norway, and 7Center for Infectious Medicine, Department of 
Medicine, Karolinska Institutet, Karolinska University Hospital, Huddinge, Sweden

Background. Necrotizing soft tissue infections (NSTIs) are severe diseases with high morbidity and mortality. The diagnosis is 
challenging. Several guidelines recommend tissue biopsies as an adjunct diagnostic in routine management, but neither biopsy 
sampling nor classification is standardized or validated. We studied the quality of tissue biopsy examination as part of routine 
diagnostics in NSTIs.

Methods. This was a retrospective cohort study of adult patients undergoing surgery due to suspected NSTIs in which tissue 
biopsy was taken as part of routine management. Clinical data were reviewed. The biopsies were evaluated according to a proposed 
histopathologic classification system and independently assessed by 2 pathologists. Interrater reliability and diagnostic accuracy 
were determined.

Results. Tissue biopsies from 75 patients were examined, 55 NSTIs and 20 non-NSTIs cases. The cohorts were similar in clinical 
characteristics. Interrater reliability for histopathologic staging was moderate (0.53) and fair (0.37) for diagnosis. The sensitivity of 
histologic diagnosis was 75% and the specificity 80%. The positive predictive value was 91% and the negative predictive value 53%. 
Necrotizing Infection Clinical Composite Endpoint (NICCE) success was associated with a more severe histological stage, achieved 
by 42% and 71% of the cases in stage 1 and 2, respectively (P = .046).

Conclusions. Our findings suggest that tissue biopsies have low clinical accuracy. The interrater reliability among experienced 
pathologists is only fair to moderate. A histopathologically more severe stage was associated with favorable outcome. These findings 
discourage the use of histopathologic evaluation as part of contemporary management of patients with suspected NSTI.
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Necrotizing soft tissue infections (NSTIs) are rapidly spreading 
infections with severe morbidity and high mortality. NSTIs are 
heterogeneous and no set of diagnostic criteria has reached con
sensus [1–4]. Still, the diagnosis is based on clinical presentation 
and findings upon surgical exploration. Time to surgery and 
source control with debridement of all necrotic and infected tissue 
is associated with patient outcome [5]. At the same time, delayed 
diagnosis is a major challenge, as the clinical presentation can be 
vague, especially in early phases. Due to low incidence of NSTIs, 
few clinicians have extensive experience with the condition. 

Common early symptoms and findings include localized edema, 
pain, and bruising of the skin, accompanied by general symptoms 
of infection [6]. In the largest study of NSTIs with a prospective 
patient enrollment, severe and out-of-proportion pain was re
stricted to half of the patients [7]. Approximately 50% of the cases 
have septic shock [7, 8]. Laboratory tests do not distinguish NSTI 
well from nonnecrotizing soft tissue infections (non-NSTIs). The 
Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC) 
score and other biomarker-based predictive models have been 
proposed, but external studies with a prospective enrollment of 
patients have yet to validate these [9–13]. New and promising bio
markers are identified recently, but none is externally validated or 
available in routine laboratories [14–16]. Ultrasonography, com
puted tomography, and magnetic resonance imaging may aid in 
discriminating NSTIs from non-NSTIs, but the specificity is lim
ited and if used, they must not delay surgical intervention [4, 9].

The value of tissue biopsy as a useful adjunct in establishing 
an early, accurate diagnosis of NSTI (infectious gangrene) was 
first described by Stamenkovic and Lew in 1984 [17]. Since 
then, several experts and guidelines have suggested biopsy as 
a tool for establishing an NSTI diagnosis [2, 3, 12, 18, 19]. 
Nonetheless the evidence base is limited, as few studies have 
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been performed and with a low number of patients [5, 12, 18– 
22]. A histopathologic scoring system was proposed by Bakleh 
et al for prognostic use [21]. However, to date there is no stan
dardized and validated procedures for biopsy sampling or clin
ical scoring systems for histopathology in the diagnostic 
management of NSTI. To explore the putative role of histo
pathologic sections in diagnosing NSTI, we studied patients 
with suspected NSTI, and compared surgically confirmed cases 
to cases with suspected NSTI, categorized as nonnecrotizing in
fections following surgical exploration. Additionally, we aimed 
to evaluate the sensitivity and specificity of histological diagno
sis and to study the interrater reliability of histopathologic di
agnosis, staging, and other findings. Last, we wanted to 
investigate associations between the histopathologic findings 
and patient outcomes.

METHODS

Study Design, Participants, and Clinical Parameters

Haukeland University Hospital (HUH) is a referral hospital in 
Health Region West in Norway. We conducted a single-center, 
retrospective cohort study of adult patients aged ≥16 years, ad
mitted or transferred to HUH due to suspected NSTI, where tis
sue biopsies were obtained as a part of patient management. 
From 2011 to 2017, tissue biopsies were collected in 77 noncon
secutive cases undergoing surgery due to suspected NSTI. The 
biopsies were formalin-fixed, paraffin-embedded, sectioned, 
and stained with hematoxylin-eosin before examination by a pa
thologist as part of routine laboratory services. In this study, the 
biopsies were additionally stained with Gram and independent
ly reevaluated by 2 experienced pathologists, blinded to the orig
inal diagnosis, and categorized according to the histopathologic 
classification scheme developed by Bakleh et al [21]. The biop
sies were also reevaluated for diagnosis and for common histo
pathologic findings associated with NSTI as described by 
Solomon et al [23]. In 46 cases, the clinical variables were collect
ed from a study database (the Improving Outcome of 
Necrotizing Fasciitis: Elucidation of Complex Host and 
Pathogen Signatures that Dictate Severity of Tissue Infection 
[INFECT] study [24]), and in the remaining cases through the 
electronic patient records.

NSTI was defined as peroperative findings of infection, spread
ing in any soft tissue layer (skin, subcutaneous tissue, superficial 
fascia, deep fascia, or muscles) with necrosis of the layer(s) in
volved, and hence requiring surgical debridement, according to 
Sartelli et al [4]. The definition encompasses different soft tissue 
infection categories such as necrotizing fasciitis, necrotizing cellu
litis, necrotizing pyomyositis, infectious myositis, and gas gan
grene. Non-NSTI was defined as pure abscesses, erysipelas, 
cellulitis, infected fistulas, and chronic dermatosis. The surgical 
variables and diagnosis were evaluated by an experienced plastic 
surgeon reviewing all surgical reports, and the surgical diagnosis 

was used as a gold standard. The cases that did not fulfill NSTI cri
teria after evaluation were combined to create a control group. For 
detailed information about patient inclusion, categorization, and 
biopsy process, see the Supplementary Material. A definite bacter
iological etiology was defined as microbes identified at species lev
el in the Department of Microbiology following positive cultures 
from normally sterile sites as blood, deep tissue, or peroperative 
fluids, as detailed by Bruun et al [25]. The overall success rate 
was calculated using the Necrotizing Infection Clinical 
Composite Endpoint (NICCE) as proposed by Bulger et al, de
tailed in the present Supplementary Material [26]. NICCE is 
developed to overcome limitations of commonly used 
endpoints, and to compensate for the low number of patients of
ten seen in trials with NSTIs. In this score system, sepsis is defined 
as infection and increase in modified Sequential Organ Failure 
Assessment score of 2 points or more, a definition used also in 
this study [26].

The study was approved by the Regional Ethics Committee 
of Health Region West of Norway (approval numbers 2010/ 
1406 and 2012/2227).

Table 1. Demographics of Patients With Necrotizing and Nonnecrotizing 
Soft Tissue Infections

Characteristic
NSTI 

(n = 55)
Non-NSTI 
(n = 20)

All 
(N = 75)

P 
Value

Demographics

Male sex 37 (67) 10 (50) 47 (63) .17

Age, y 51 (17–90) 49 (24–92) 50 (17–92) .54

Transferred from another 
hospital

24 (44) 7 (35) 31 (41) .50

Duration of symptoms, d 3 (2–21) 2 (0.5–14) 2.5 (0–21) .12

Smoking 20 (36) 7 (35) 27 (36) .88

Surgery past 4 wk 5 (9) 1 (5) 6 (8) .56

Penetrating trauma 14 (26) 4 (20) 18 (24) .63

Nonpenetrating trauma 8 (15) 2 (10) 10 (13) .61

Underlying condition

Diabetes mellitus 9 (16) 1 (5) 10 (13) .20

Cardiovascular diseasea 21 (38) 6 (30) 27 (36) .50

Chronic kidney disease 5 (9) 2 (10) 7 (9) .90

Chronic skin disease 3 (6) 2 (10) 5 (7) .48

Hematologic cancer 2 (4) 1 (5) 3 (4) .79

Metastatic carcinoma 0 (0) 1 (5) 1 (1) .09

Other malignancy 2 (4) 2 (10) 4 (5) .28

Immunodeficiencyb 2 (4) 4 (20) 6 (8) .02

Alcohol abusec 3 (6) 0 (0) 3 (4) .32

IDU 4 (7) 1 (5) 5 (7) .73

1 or more comorbiditiesd 35 (64) 10 (50) 45 (60) .29

Frequencies are given as No. (%) where percentages are calculated from the total No. in 
each column. Continuous data are given as median (range) unless otherwise indicated. 
Boldface indicates statistical significance (P < .05).  

Abbreviation: IDU, intravenous drug use; Non-NSTI, nonnecrotizing soft tissue infection; 
NSTI, necrotizing soft tissue infection.  
aCardiovascular disease including hypertension.  
bImmunodeficiency (eg, hypogammaglobulinemia, human immunodeficiency virus) or 
immunosuppressive treatment including ongoing cytostatic treatment or steroids.  
cDefined as >14 units/week for women and >21 units/week for men.  
dAt least 1 of the comorbidities given above.
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Statistical Methods

Data were analyzed using IBM SPSS Statistics for Windows 
software, version 24.0 (IBM, Armonk, New York). 
Continuous data are presented as median with interquartile 
range. The independent sample t test was used to analyze nor
mally distributed continuous variables, and the 2-tailed 
Mann-Whitney U test for nonnormally distributed continuous 
variables and ordinal categorical variables. Categorical data are 
presented as frequencies with percentages and analyzed using 

χ2. Associations between preoperative cutaneous clinical find
ings and peroperative findings, and between histopathology 
and clinical outcomes were calculated with odds ratios (ORs). 
Cohen kappa (κ) was used to estimate interrater reliability in 
histopathologic staging and findings [27]. To estimate the accu
racy of histopathologic diagnosis, sensitivity, specificity, and 
positive and negative likelihood ratios were calculated. For all 
analyses, a 2-sided P value < .05 was considered statistically sig
nificant. The figure was made using Matlab software (The 
MathWorks, Natick, Massachusetts).

RESULTS

Patient Characteristics and Outcome

A total of 77 patients were evaluated, and 75 were included. 
Two patients were excluded: In 1 case, only cytology was avail
able, and in 1 case, the final diagnosis was pyoderma gangreno
sum. Baseline demographics are presented in Table 1. NSTIs 
accounted for 73% and 27% were non-NSTIs, using surgical 
definition as a gold standard. Comorbidity was more common 
among NSTI cases, but immunocompromised state was the 
only condition demonstrating a significant difference between 

Table 3. Treatment and Outcome of Patients With Necrotizing and 
Nonnecrotizing Soft Tissue Infections

Treatment and Outcome
NSTI 

(n = 55)
Non-NSTI 
(n = 20)

All 
(N = 75)

P 
Value

28-day mortality 5 (9) 1 (5) 6 (8) .56

Sepsisa 35 (64) 11 (55) 46 (61) .50

Amputation 3 (5) 0 (0) 3 (4) .29

Vasopressor 30 (55) 8 (40) 38 (51) .27

Mechanical ventilation 25 (46) 5 (25) 30 (40) .11

Renal replacement 
therapy

9 (16) 0 (0) 9 (12) .05

Hyperbaric oxygen 14 (26) 1 (5) 15 (20) .05

Immunoglobulins 2 (4) 0 (0) 2 (3) .39

Clindamycinb 43 (78) 16 (80) 59 (79) .87

Time to surgery, dc 3.75 (0.3–28) 2.5 (0.5–14) 3 (0.3–28) .07

Time to surgery, hd 6.4 (0.7–85) 14.1 (2.5–42) 7 (0.7–85) .11

Admitted ICU 35 (64) 7 (35) 42 (56) .03

Days at ICU 4.5 (0–50) 0.0 (0–13) 2 (0–50) .008

Days admitted 21.0 (1–64) 12.0 (4–34) 18 (1–64) .003

TBSA removed, %e 0.22 (0–8) 0 (0) 0 (0–8) .003

NICCE success 26/47 (55) … …

Frequencies are given as No. (%) where percentages are calculated from the total No. in 
each column. Continuous data are given as median (range) unless otherwise indicated. 
Boldface indicates statistical significance (P < .05).  

Abbreviations: ICU, intensive care unit; NICCE, Necrotizing Infection Clinical Composite 
Endpoint; Non-NSTI, nonnecrotizing soft tissue infection; NSTI, necrotizing soft tissue 
infection; TBSA, total body surface area.  
aSepsis defined as modified Sequential Organ Failure Assessment score ≥2.  
bClindamycin as part of primary treatment.  
cTime to surgery from symptom debut.  
dTime to surgery from admission.  
eData given in percentage according to the rule of nines. Removed subcutaneous tissue or 
muscles not included.

Table 2. Clinical Characteristics of Patients With Necrotizing and 
Nonnecrotizing Soft Tissue Infections

Characteristic
NSTI 

(n = 55)
Non-NSTI 
(n = 20)

All 
(N = 75)

P 
Value

Location

Head/neck 7 (13) 3 (15) 10 (13) .80

Upper extremity 14 (26) 7 (35) 21 (28) .42

Lower extremity 29 (53) 10 (50) 39 (52) .83

Anogenital 6 (11) 1 (5) 7 (9) .44

Truncus/abdomen 7 (13) 2 (10) 9 (12) .75

TBSA%a

At admission 3 (0–10) 2 (0.5–10) 3 (0–10) .21

At first revision 4 (0–20) 2 (0.5–9) 3 (0–20) .11

Blood culture (positive) 23 (42) 4 (20) 27 (36) .08

Deep tissue culture 
(positive)

28 (51) 9 (45) 37 (49) .65

Peroperative fluid 
culture (positive)

28 (51) 7 (35) 35 (47) .22

Causative etiology 
confirmedb

46 (84) 13 (65) 59 (79) .08

Microbial etiology

Streptococcus 
pyogenes

15 (27) 3 (15) 18 (24) .51

Streptococcus 
dysgalactiae

10 (18) 1 (5) 11 (15) .25

Staphylococcus aureus 5 (9) 3 (15) 8 (11) .26

Gram-negative rods 7 (13) 1 (10) 8 (11) .48

Obligate anaerobic 
bacteria

14 (7) 1 (5) 15 (20) .10

Others 2 (4) 3 (15) 5 (11) .10

Polymicrobial etiology 20 (36) 5 (25) 25 (33) .75

Biochemistry/others

mSOFA at admission 2.0 (0–10) 1.0 (0–5) 1.0 (0–10) .75

mSOFA worst first 
24 h

3 (0–12) 2 (0–7) 2.0 (0–12) .17

Mean arterial pressure 
at admission

85 (40–126) 86 (38–113) 85 (38–126) .70

WBC countc 14.7 (1–44) 17.0 (5–37) 14.8 (1–44) .46

C-reactive proteine 217 (1–425) 124 (4–388) 201 (1–425) .10

Lactatee 1.9 (0.7–15) 1.3 (0.3–4.5) 1.7 (0.3–15) .10

Frequencies are given as No. (%) where percentages are calculated from the total No. in 
each column. Continuous data are given as median (range) unless otherwise indicated.  

Abbreviations: mSOFA, modified Sequential Organ Failure Assessment score; Non-NSTI, 
nonnecrotizing soft tissue infection; NSTI, necrotizing soft tissue infection; TBSA, total 
body surface area with external signs of inflammation; WBC, white blood cell.  
aData are given in percentage according to the rule of nines.  
bPositive culture exclusively from normal, sterile environments (eg, blood, deep tissue, or 
peroperative fluid collection).  
cWBC count 4.1–9.8 × 109/L.  
dC-reactive protein <5 mg/L.  
eLactate 0.3–1.4 mmol/L. Missing cases: NSTI, n = 24; non-NSTI, n = 7.
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the groups, although more frequent in the non-NSTI group 
(20% vs 4%). Clinical characteristics are presented in Table 2. 
The lower extremity was the most commonly affected site in 
both groups, with 53% in the NSTI category and 50% in the 
non-NSTI category. Causative microbiological etiology was 
identified in 79% of the cases. Polymicrobial infection (33%) 
and monobacillary Streptococcus pyogenes (24%) were the 
most frequent etiologies. All cases with causative microbes, 
diagnosis, and anatomical localizations are listed in 
Supplementary Table 1.

Treatment and outcome variables are presented in Table 3. 
The overall 28-day mortality was 9% in the NSTI group and 
5% in the non-NSTI group, a difference not reaching statistical 
significance. The amputation rate was low, and performed only 
in 3 cases in the NSTI group. The length of stay in the intensive 
care unit was significantly longer among patients in the NSTI 
cohort. Furthermore, in this category, the total length of hospi
tal stay were longer. Regarding the clinical findings of edema, 
erythema, discoloration of the skin, and bulla formation, 
none could predict surgical findings specific to NSTIs 
(Figure 1).

Tissue Biopsies

The interrater reliability for histological staging and diagnosis 
in the NSTI cohort (surgical diagnosis) was moderate and 
fair, with a Cohen κ of 0.53 (95% confidence interval [CI], 
.31–.75) and 0.37 (95% CI, .10–.65), while the absolute agree
ment was 78% and 82%, respectively (Table 4). The subgroup 
analysis for the interrater reliability and absolute agreement 
of the individual histopathological components, and histopath
ologic staging and diagnosis, are presented in Supplementary 
Tables 2–4. The sensitivity of histologic diagnosis was 75%, spe
cificity 80%, positive predictive value 91%, and negative predic
tive value 53%. The positive likelihood ratio was 3.7 and the 
negative likelihood ratio was 0.32 (Supplementary Table 5).

We had complete data in 47 of 55 NSTI cases for assessing 
the overall NICCE success rate, which was 55% (Table 3; 
Supplementary Table 6).

The biopsies in our cohort were only classified as either stage 
1 or stage 2 disease. Notably, no biopsies were categorized as 
the most severe stage (ie, stage 3). When comparing the histo
logical stages set by the pathologist to NICCE, we found that 
NICCE success was achieved by 42% and 71% of the cases in 
stage 1 and 2, respectively, with an OR of 3.4 (95% CI, 1.00– 
11.61; P = .046) (Supplementary Table 7).

DISCUSSION

In this study, we have explored the putative roles of histopath
ologic examination of tissue samples in routine NSTI manage
ment. We have evaluated the quality of histological diagnosis, 
interrater reliability in the staging of severity, and possible 

associations of histopathologic findings and patient outcomes. 
We found an inadequate sensitivity, specificity, and negative 
predictive value of histopathology. The positive and negative 
likelihood ratios gave a small increase or decrease in the prob
ability of disease, respectively. Furthermore, we found that in 
independent severity staging and diagnosis of the biopsies, 
the interrater reliability between the 2 experienced pathologists 
was only fair to moderate, with a large range of the absolute 
agreement for the different histopathologic variables. We also 
assessed the histopathologic staging in search for associations 
to clinical endpoints. Unexpectedly, we found a significantly 
higher probability for fulfilling NICCE with the more severe 
histopathological stage 2 compared to the less severe stage 1.

The role of tissue biopsies in NSTI diagnosis and prognosis is 
undetermined. Several guidelines and authors recommend or 
suggest it as part of the initial evaluation in NSTI, but the pro
cedure is neither standardized nor validated [3, 12, 18, 19]. In 
addition, sampling errors of the biopsy may give a false- 
negative result. The use of frozen sections has been studied 
by Solomon et al, who demonstrated a lack of sensitivity and 
specificity using that method [23]. The clinical course and 
time to development of necrosis is variable in NSTIs [28]. 
Taking multiple biopsies from different locations may improve 
the sensitivity and specificity of histopathology, but not neces
sarily the interrater reliability.

The clinical differences between NSTI and non-NSTI pa
tients may be subtle, particularly in the early phases. Classical 
signs such as discoloration of the skin, bulla formation, and 
skin necrosis are late signs [6, 29]. Our findings suggest that 
neither cutaneous, clinical, nor standard biochemical findings 
can discriminate between NSTI and non-NSTI in these 
instances, as previously noted in different studies and guide
lines [1, 3, 29]. It is acknowledged that when NSTI is suspected, 
surgical exploration should be performed with as little delay as 
possible [1, 4, 30]. In everyday practice, clinicians require ad
junct tools to aid management in ambiguous cases. As demon
strated by the data herein, the 2 cohorts were clinically difficult 
to distinguish at admission. This may be due to less severely ill 
NSTI cases than frequently reported, with lower mortality, few
er infections in the anogenital area, and more infections in the 
upper extremity [7, 29, 31–34]. On the other hand, the surgically 
categorized non-NSTI cases had high severity with need of organ 
supportive treatment, compared to other non-NSTI cohorts [35, 
36]. Nevertheless, the total body surface area of tissue excised 
in the non-NSTI group equaled zero, confirming correct retro
spective categorization of the cohort. Thus, we consider our 
non-NSTI cohort to be a relevant comparator group.

In NSTIs, there is a well-documented association between 
time to surgical debridement with source control and adverse 
patient outcomes [29, 30, 32, 34, 37]. The relatively low total 
mortality (8%) and few extremity amputations (4%) in our study 
could be explained by less severe cases, but also by short time to 
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surgery and possibly the practice of limb-sparing techniques and 
a dedicated group of skilled surgeons at our hospital. Our finding 
of an association between a more severe histopathological stage 
and a better outcome contrasts with the findings of Bakleh et al 
[21]. Their research demonstrated that patients categorized as 
stage 1 or 2 had a significantly lower risk of death than patients 
with stage 3 findings. They did, however, include both histolog
ical and surgical verified necrotizing fasciitis cases. In contrast, 
we exclusively included surgically verified NSTI cases. Our find
ing of a low accuracy of histopathology as a diagnostic test sup
ports including only surgically confirmed cases in the NSTI 
group. In addition, Bakleh et al demanded moderate to severe 
sepsis caused by necrotizing fasciitis for inclusion. We catego
rized patients based on surgical exploration, and believe this re
sulted in a clinically more relevant selection. The median time to 
surgery was longer in the study by Bakleh et al, which may ex
plain why more advanced cases and increased mortality risk 
were observed in their cohort.

Organization of services, priority, and resource use is of high 
importance when treating NSTIs. These infections are medical 
emergencies where diagnosis and subsequent surgical debride
ment is of paramount importance. Histopathology evaluation 

requires a pathologist on call 24/7 to be an adjunctive in 
NSTI diagnosis, an on-call service that is resource demanding, 
and possibly impractical, for most hospitals. Finally, there is a 
risk that routine histopathologic service could contribute to 
treatment delay [4].

The results in this study shed light on a possible role for tissue 
biopsies as an adjunct diagnostic procedure in ambiguous NSTI 
cases. Our findings support other studies in that the benefit of 
routine use of histopathology is low [1, 4, 31, 38, 39]. The results 
obtained lead us to discourage the use of histopathology as part 
of emergency diagnostics in NSTIs. The diagnosis still relies on 
high awareness of typical clinical features, and are based upon 
surgical exploration and findings. Nevertheless, questions re
main on the putative roles of biopsy in the everyday handling 
of this patient category. Consequently, we do encourage that bi
opsies are included in clinical studies with prospective patient 
enrollment, to answer novel research questions. There is still a 
need to bridge basic science, routine diagnostics, organization, 
and clinical handling of patients with NSTIs, in order to lower 
mortality rates and to improve survivors’ clinical outcomes.

The major strengths of this study include the large number of 
tissue biopsies taken from patients with suspected NSTI, that 

Figure 1. Clinical and surgical findings. The figure displays a Forest plot with the odds ratio and 95% confidence interval for surgical findings given clinical findings (bold). 
The only statistical significant finding is that bulla, erythema, and edema give a higher odds ratio for pathological fluid. Abbreviations: CI, confidence interval; Non-NSTI, 
nonnecrotizing soft tissue infection; NSTI, necrotizing soft tissue infection; OR, odds ratio.
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our hospital is a referral hospital for NSTIs, and that routines 
for the management of NSTIs are well established. During 
the study period, a team consisting of physicians from the 
Department of Plastic Surgery and Department of Medicine 
evaluated all cases. Also, due to centralized care, the involved 
surgeons are skilled and experienced in this field. Finally, this 
is one of the largest studies on the value of tissue biopsies in 
NSTIs to date.

The main limitation of this study is the retrospective design 
and the sampling routine, leading to nonconsecutive inclusion. 
A list of every patients who during the study period underwent 
surgery due to suspected NSTI, but in which a biopsy was not 
performed, is not available. Evaluation of symptom duration is 
unreliable, because of questionable data quality in electronic 
patient records at this point, a weakness shared by many retro
spective studies on NSTI. Due to low sample size, we have not 
been able to assess differences in anatomical localizations or 
disease severity. Even though it is among the largest studies 
on tissue biopsies in NSTI in recent years, the number of pa
tients is still quite low, and the statistical findings must be inter
preted with caution.

In summary, our findings suggest that tissue biopsies in 
NSTIs are of low clinical accuracy. The interrater reliability 
among experienced pathologists is only fair to moderate. 
Unexpectedly, a favorable outcome was associated with a histo
pathologically more severe stage. Altogether, these findings dis
courage routine use of histopathologic evaluation as part of 
emergency management of patients with suspected NSTI.
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